, coma vigile (Gerstenbrand, 1967) , parasomnia (Jefferson, 1944) , akinetic mutism (Cairns et al., 1941) , and apallic syndrome (Kretschmer, 1940) . Recently, Jennett and Plum (1972) We arbitrarily designed the following criteria in order to study such patients: (1) defect of verbal and behavioural communication; (2) loss of expression of intention; (3) absence, or at least reduction of emotional expression; (4) urinary and faecal incontinence; (5) complete loss of selfsupportability; (6) continuation of above conditions for more than three months, regardless of causative disease.
Recent progress in treatment and intense care for patients with severe brain damage has led to an increase in the number of patients surviving for a long period without recognisable mental function. Virtually hopeless, these patients, who never regain their functions as social human beings despite every effort, survive for months and even years in suitable medical conditions. Living at the expense of their families, not only mentally but economically, such patients pose a serious problem to their families and physicians.
There is no standardised terminology for such a state resulting from severe brain damage, although various names have been applied, such as prolonged coma (Nakamura et al., 1965a,b; Crompton et al., 1966) , coma vigile (Gerstenbrand, 1967) , parasomnia (Jefferson, 1944) , akinetic mutism (Cairns et al., 1941) , and apallic syndrome (Kretschmer, 1940) . Recently, Jennett and Plum (1972) proposed that this syndrome should be described as a persistent vegetative state.
Although a definition of the vegetative state has not yet been established, Jennett and Plum (1972) described such patients as those who recover from sleep-like coma in that they have periods of wakefulness when their eyes open and move, whose responsiveness is limited to primitive postural and reflex movement of the limbs, and who never speak.
We arbitrarily designed the following criteria in order to study such patients: (1) defect of verbal and behavioural communication; (2) loss of expression of intention; (3) absence, or at least reduction of emotional expression; (4) urinary and faecal incontinence; (5) complete loss of selfsupportability; (6) continuation of above conditions for more than three months, regardless of causative disease.
Patients and methods
In response to simple inquiries to 269 hospitals in 16 prefectures of western Japan on 1 June 1973, 193 potentially suitable cases were reported from 189 hospitals; we then visited each hospital and examined each patient. Based on the above criteria, 110 patients were included in our study.
Although we were unable to assess the incidence of vegetative patients for all districts responding to our inquiry our survey did cover all hospitals within Yamaguchi prefecture, a population of approximately 1.5 million. We found 37 vegetative patients, an incidence of 0.0025%.
We examined the behaviour, response to various stimuli, and neurological signs of the 110 patients in our sample. Analyses were also made of the results of ancillary examinations, methods of management of the patients, and effectiveness of treatment given. In order to assess the level of 876 consciousness and vital reactivity of the patients, the following items were checked: (1) blinking, (2) response to painful stimuli, (3) sleep-wake periodicity, (4) spontaneous eye movement, (5) yawning, (6) response to sound stimuli, (7) swallowing movement, (8) chewing movement, (9) eyefollowing movement for moving object, (10) emotional expression.
The patients were evenly distributed through all age groups. The youngest patient was 2 years old and the oldest was 81 years. There were 75 males and 35 females (Table 1) Analysis based on our classification revealed that there was a correlation between severity of a vegetative state and reactivity or incidence of abnormal behavioural and neurological findings. Blinking, spontaneous eye movement, response to sound stimuli, swallowing and chewing movements were seen more frequently when the grade of severity was low, while quadriplegia and decerebrate rigidity were often encountered in the higher grade of severity.
The relationship between the classification of vegetative state and outcome of the patients is shown in Table 5 The fate of the patients according to the cause of brain damage showed that mortality was higher in those with cerebrovascular lesion and brain tumour, and lower than average in those with head injury, inflammatory, and regressivedegenerative diseases (Table 6 ). Mean survival time in dead patients was extremely long in the Table 7 . More than half died from pulmonary complications. During the second year of this survey, ancillary examinations other than EEG were seldom performed, but EEG was examined in 23 cases. Table  9 shows the relationship between EEG findings and clinical findings in 17 cases in which the EEGs were performed more than twice over the period of two or more years. Some cases showed deterioration of EEG findings despite clinical improvement, while others demonstrated improved EEG although the clinical state was unchanged or had deteriorated.
MANAGEMENT AND COMPLICATIONS More than half of the patients were fed by a nasogastric tube, while 26% of the cases could be fed orally. Gastrostomy for feeding had been performed in 15% at the time of the first survey. In spite of a variety of therapeutic efforts (Table 11) , only three patients responded to treatment: one to ventriculo-peritoneal shunt and two to administration of levodopa. (Mohandas and Chou, 1971) .
The term 'prolonged coma' is also used as a synonym of a persistent vegetative state, but this state cannot be called 'coma' as ordinarily defined (Jennett and Plum, 1972) . The terms 'akinetic mutism' (Cairns et al., 1941) and 'apallic syndrome' (Kretschmer, 1940) are defined precisely by the original authors but are clinically indistinguishable.
We interpret the term vegetative state according to its original meaning as 'a state in which animal functions are lost, preserving only vegetative functions such as respiration, nutrition, and excretion'. We, therefore, included patients in a state of sleep-like coma if this had continued for more than three months, although they deviated from Jennett and Plum's definition, because during the first three months after brain damage there is a possibility of full recovery.
The behaviour and reactivity which we tested are a good indication of the severity of the vegetative state. More reactive patients have more of these signs, while the patients belonging to high grades of severity show only primitive reactions. However, more reactive patients do not necessarily have a good prognosis. Outcome analysis indicated that there was no definite correlation between severity of the reactive state and mortality, possibly because complications, particularly pulmonary infections, were substantially responsible for their deaths, while progression of the brain damage itself appeared to be less fatal in such chronic stages. Therefore, reactivity is not an important factor in prognosis. Nakamura et al. (1965a,b) also had difficulty in estimating the prognosis of patients with prolonged coma due to trauma on the basis of reactivity.
Abnormal posturing and disturbed function of extremities were usually related to both the severity and duration of the state. Some patients showed unusual posture of the lower extremities due to a combination of decerebration and contracture. Immobile legs were often combined with pes equinus.
Decerebrate rigidity or decerebrate posture was originally described in animals by physiologists after brain stem transection (Sherrington, 1898) . According to Plum and Posner (1972) , decerebrate rigidity is encountered clinically in the following cases: (1) involvement of the midbrain by extension of diencephalic damage during the course of rostro-caudal deterioration due to cerebral herniation, (2) destruction of expansive posterior fossa lesions damaging the midbrain and upper pons, (3) severe metabolic disturbances which suppress the upper brain stem functions, such as hepatic coma, hypoglycaemia, anoxia, and intoxication.
In cases with severe brain damage from various causes resulting in a vegetative state, the midbrain and upper pons may be involved partly through any one of the above three mechanisms, thus causing decerebrate rigidity. In some cases, the rigidity abates later, suggesting that lesions occurring in the upper brain stem might be reversible. However, Okada et al. (1972) , in a clinicopathological study of 13 cases of prolonged coma due to trauma, reported that it was difficult to correlate an identifiable brain stem lesion with decerebrate rigidity.
In the present series of 110 cases, 34 had decerebrate rigidity which occurred spontaneously or was elicited by stimulation at the time of the first examination. Five had had such posture or response during the acute phase but did not have it by the time of the examination. Precise analysis was made of these 39 cases. The rate of appearance of decerebrate rigidity in each group of the causative diseases is shown in Table 12 . A remarkably frequent occurrence is seen in the group with brain tumour. Although it is easy to see that infratentorial brain tumours may readily cause decerebrate rigidity by direct compression of the upper brain stem structures, even supratentorial tumours may initiate the rostro-caudal deterioration which is responsible for a vegetative state and decerebration due to involvement of 35.5 mesencephalic or upper pontine tissues. In the group with cerebral anoxia and head injury, the frequency of decerebrate rigidity was also high suggesting that the critical areas in the upper brain stem may be involved.
The contrast between retention of ciliary reflexes and abolition of abdominal reflexes has been referred to above. Even in the face of brain damage so devastating as to bring about a vegetative state, the simplest reflex, such as blinking, remained. On the other hand, the abdominal reflex is said to involve an elaborate reflex arc in which there are several neurones connecting to the motor cortex (Haymaker, 1956 ) which might account for its loss with severe cortical or subcortical dysfunction. Primitive reflexes, particularly the snout reflex, were elicitable more frequently in the patients with longstanding vegetative state, and tended to be less common in the patients without sleep-wake rhythm (grade III).
Necropsy reports have been published on 43 patients who had prolonged unconsciousness similar to our cases (French, 1952; Jacobson, 1956; Strich, 1956; Denst et al., 1958; Nystrbm, 1960; Strich and Oxon, 1961; Jellinger et al., 1963; Utsumi et al., 1963; Nakamura et al., 1965b; Crompton et al., 1966; Arai and Ueki, 1971; Okada et al., 1972) . The clinical condition in these cases before death had been in keeping with our criteria for a vegetative state. Thirty-five of the 43 (81.4%) had extensive demyelinative degeneration of the cerebral white matter as a principal pathological change, while destruction of the brain stem reticular formation was found only in four (9.3%) cases (Higashi et al., 1974) .
On the basis of these observations, it is suggested that the brain stem structures are relatively uninjured in vegetative patients, in spite of extensive destruction of the tissues above the brain stem. The relatively few cases rendered apnoeic in the acute stage in the present series may support the observation that there exists considerable integrity of the lower brain stem, including the medulla, because complete destruction of the brain stem is incompatible with survival. Many patients, however, had signs of damage to the midbrain or upper pons such as decerebrate rigidity and pupillary changes. Although the nature and site of the lesion within the brain varied because of the variety of causes of brain damage, lesions in the brain may be considered to exist in any areas, disrupting the connection between the cephalic brain stem and the entire cortex.
The cephalic brain stem, including the central portion of the midbrain tegmentum, the subthalamus and hypothalamus as well as the medial thalamus, is believed to be a centre of wakefulness (Magoun, 1952 (Shinmura et al., 1972; Ingvar, 1973; Kanaya et al., 1975 (Utsumi et al., 1963; Nakamura et al., 1965a; Handa and Moritake, 1971 ). In our hands the EEG findings did not correspond to the severity of damage; many EEG records disclosed diffuse slow activity but some demonstrated normal EEG activity. We also found that changes in EEG findings did not correlate well with the changes in clinical condition during the follow-up period.
Vegetative patients have a consistently poor prognosis. During the three year follow-up period, more than 60% of the patients died, despite attentive medical care. On the other hand, some patients regained awareness and were able to speak a little but were unable to resume activity as a social human being. Persistent recovery of communicability has been attained in three cases out of 110 during the period of three years. Among them, however, only one patient regained nearly normal brain function.
In spite of painstaking efforts to maintain vegetative patients, the results have been poor. Kyoi et al. (1975) (Blaschko and Chrusciel, 1960; Kadzielawa and Widy-Tyszkiewicz, 1970) as well as in clinical practice (Parkes et al., 1970; Fukushima et al., 1972 
